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(54) Adjustable connector for external fixation rods. 

(§7) This invention provides for the angular and 
lateral adjustment of a pair of fixator rods in an 
infinite number of planes. The angular adjust- 
ment member (10) may be rotated about a 
center axis of the connector such that the 
connected fixator rods may be angled relative 
to one another in any plane called for. Similarly, 
the lateral adjustment (12) may be rotated about 
the center axis of the connector (10) such that 
the two fixator rods may be shifted laterally 
relative to one another in any direction. The 
adjustable connector (10) provides for the ad- 
justment of the fixator rods after the rods have 
been connected to the bone pins. Therefore, 
after a surgeon has reduced and stabilized the 
fracture, minor adjustments can be carried out 
to fully align the bone fragments without dis- 
connecting the fixator rods or the bone pins. 
After all adjustments have been made, a series 
of locking bolts or pins (20,44,132,116) can be 
engaged to hold the adjustable connector in a 
fixed position. 
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Field of the Invention 

This invention relates to external fixators as used 
in the reduction and stabilization of long bone frac- 
tures and has specific relevance to an adjustable link 
for positioning between a pair of fixation rods. 

Background of the Invention 

External fixators used for the reduction and sta- 
bilization of long bone fractures are well known in the 
field of orthopaedics. Typically the fixator includes an 
elongate rod which has a plurality of bone pins con- 
nected thereto by a series of clamps. A limitation with 
prior art fixators occurs when after the fixator and 
bone pins are connected, the surgeon notes that one 
of the sections of fractured bone is out of alignment. 
With prior art fixators which have a single elongate 
rod to support the bone pins, the surgeon would be re- 
quired to disconnect some or ail of the pins so that the 
fracture may be realigned. 

While pivotally linked fixator rods have been de- 
veloped to minimize the problem, the direction of 
movement is limited. 

Summary of the Invention 

This invention provides for the angular and lateral 
adjustment of a pair of fixator rods in an infinite direc- 
tion about the longitudinal axis of the connector. The 
angular adjustment member may be rotated about a 
center axis of the connector such that the connected 
fixator rods may be angled relative to one another in 
any direction required. Similarly, the lateral adjust- 
ment may be rotated about the center axis of the con- 
nector such that the two fixator rods may be shifted 
laterally relative to one another in any direction. The 
adjustable connector provides for the adjustment of 
the fixator rods after the rods have been connected 
to the bone pins without disassembling the fixator set- 
up. Therefore, after a surgeon has reduced and sta- 
bilized the fracture, minor adjustments can be car- 
ried out to fully align the bone fragments without dis- 
connecting the fixator rods or the bone pins. After all 
adjustments have been made, a series of set screws 
are tightened to maintain the adjustable connector in 
a fixed position. 

Accordingly, it is an advantage of the invention to 
provide for a novel adjustable connector for a pair of 
external fixator rods which provides for the angular 
and lateral adjustment of the rods relative to one an- 
other. 

Another advantage of the invention is to provide 
for an adjustable connector for a pair of fixator rods 
wherein the angular adjustment mechanism may be 
rotated about a longitudinal axis of the connector. 

Another advantage of the invention is the ability 
to rotate a lateral adjustment mechanism about the 



longitudinal axis of the body such that a pair of fixator 
rods connected to the body may be laterally shifted in 
any direction. 

Another advantage of the Invention is to provide 
5 for a connector for a pair of external fixator rods which 
can be adjusted after the fixator rods are connected 
to bone pins. 

Other advantages of the invention will become 
apparent upon a reading of the following description 
10 taken with the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is an exploded perspective view of the ad- 
15 justable connector of the invention. 

Fig. 2 is an elevational view of the adjustable con- 
nector with the lateral adjustment section exploded 
for illustrative purposes. 

Fig. 3 is an elevational view of the adjustable con- 
20 nector with the angular adjustment mechanism ex- 
ploded for illustrative purposes. 

Figs. 4-7 are side elevational view of the adjust- 
able connector of the invention. 

Fig. 8 is an elevational view of the adjustable con- 
25 nector of the invention illustrating the pivotal relation- 
ship of the angular adjustment mechanism. 

Fig. 9 is an elevational view of the adjustable con- 
nector of the invention illustrating the lateral shifting 
available by use of the lateral adjustment mecha- 
30 nism. 

Fig. 10 is an elevational view of the adjustable 
connector of the invention viewed along its longitudi- 
nal axis and illustrating the lateral adjustment capa- 
bility of the connector. 

35 

Description of the Preferred Embodiment 

The preferred embodiment herein described Is 
not intended to be exhaustive or to limit the invention 

40 to the precise form disclosed. Rather, it is chosen and 
described to best explain the invention so that others 
skilled in the art might utilize its teachings. 

For simplicity, the following description of the ad- 
justable connector of the invention is divided into a 

45 section discussing the lateral adjustment mechanism 
and a section discussing the angular adjustment 
mechanism, it is to be understood that although de- 
scribed as separate components, the two combine to 
yield a connector which can be angularly and laterally 

so adjustable after connection. 

LATERAL ADJUSTMENT MECHANISM 

Referring to Figs. 1 and 2, the adjustable connec- 
55 tor 10 is illustrated with the lateral adjustment mech- 
anism 12 exploded to reveal the component parts. 
Lateral adjustment mechanism 1 2 includes a base 14 
which includes a generally cylindrical portion 16 de- 
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fining an Interior cavity 18. Base 14 terminates in an 
upper surface 19 having an annular flat groove 17 ad- 
jacent cavity 18. A pair of threaded bores are provided 
within base 14 in communication with cavity 18 for ac- 
commodating set screws 20 such that screws 20 can 5 
extend into cavity 1 8. An externally threaded throat 22 
extends longitudinally from portion 1 6 of base 14 and 
defines a cavity 24 shaped as illustrated. Cavity 24 
accommodates a spherical slotted connection device 
26 and a portion of an external fixation rod (see Figs. 10 
8 and 9). An end cap 27 screws onto throat 22 to com- 
press the slotted connection device 26 for clamping 
engagement with the f ixator rod. A series of flats 28 
are formed on base 14 between the throat 22 and por- 
tion 1 6 to provide a surface for connection of a tight- is 
ening device such as a wrench (not shown). Base 14 
is fixed relative to the fixation rod (Figs. 8 and 9) after 
the end cap 27 compresses the connection device 26 
onto the fixator rod. 

An intermediate component 30 is provided and as 20 
is illustrated includes a plate 32 having a circular per- 
iphery defining an upper surface 34 and a lower sur- 
face 36. A generally cylindrical post 38 having a cir- 
cumference substantially conforming to cavity 18 ex- 
tends integrally from lower surface 36 and includes 25 
an annular V-shaped groove 40. A dovetail shaped 
slot 42 is formed in plate 32 extending into the plate 
from upper surface 34 as illustrated. A longitudinal 
groove 35 is formed centrally on the bottom wall of 
the dovetail slot 42. A pair of threaded bores are da 
formed in the peripheral side wall of plate 32 and are 
in communication with slot 42. A pair of set screws 44 
are accommodated by the threaded bores for exten- 
sion into the dovetail slot 42. A slot 45 is formed in 
plate 32 transverse to slot 42 and adjacent one end 35 
thereof. A screw 46 is positioned within slot 42 and in- 
cludes a head 48 and a collar 50 spaced from the 
head as I llustrated. Collar 50 is accommodated within 
slot 45 and rotates freely therein about the longitudi- 
nal axis of the screw 46. Intermediate component 30 40 
is configured for connection to base 14. Cylindrical 
post 38 is seated within cavity 18 of base 14 with the 
upper surface 19 and lower surface 36 in abutting en- 
gagement Intermediate component 30 is rotatable 
relative to base 14 about post 38. Intermediate com- 45 
ponent 30 may be held fixed relative to base 14 by 
turning screws 20 into their threaded bores such that 
the pointed end of the screws contact the V-shaped 
groove of the post in an interference fashion. Groove 
1 7 reduces the surface contact between base 14 and 50 
intermediate component 30 thereby reducing the fric- 
tion between the two components making the rota- 
tion of component 30 relative to component 1 4 easier. 

An upper component 52 for connection between 
the intermediate component 30 and angle adjustment 55 
mechanism 70 (described below) is provided and in- 
cludes a plate 54 having a circular periphery closely 
matching the periphery of intermediate component 
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30. A dovetail shaped rail 56 extends along one sur- 
face of plate 54 and is slidably accommodated within 
the dovetail shaped slot 42 of the intermediate plate 
30. Rail 56 extends a partial distance across the di- 
ameter of plate 54 and includes a threaded central 
longitudinal bore 57 for accommodating the shaft of 
screw 46 carried by the Intermediate plate 30. A cyl- 
indrical post 58 similar to post 38 extends integrally 
from plate 54 on an opposite side of rail 56. Post 58 
includes an annular V-shaped groove 60. 

ANGULAR ADJUSTMENT MECHANISM 

, Angular adjustment mechanism 70 is shown in 
exploded view in Figs. 1 and 3 and includes a base 
72 which includes a plate 74 having a circular periph- 
ery. An externally threaded throat 76 extends from 
one side of plate 74 and includes a cavity 78 which is 
substantially similar to the cavity 24 of base 1 4 for the 
accommodation of a clamping device 79 and an end 
portion of a fixator rod. Cap 80 screws onto throat 76 
for compressing the clamping device about the fixator 
rod to secure the rod to the angular adjustment mech- 
anism 70. A generally cylindrical post 82 extends from 
plate 74 opposite throat 76 and includes a annular V- 
shaped grove 84. A plurality of flats 86 are formed 
about the periphery of plate 74 for accommodation of 
a tightening device such as a wrench (not shown). 

An intermediate component 90 is provided and 
includes a body 92 having a cylindrical end with a cyl- 
indrical cavity 94 formed therein. An annular groove 
91 is formed on the upper surface 93 about cavity 94. 
The opposite end of body 92 is forked and includes a 
pair of legs 96 which terminate in an arcuate tapered 
ends as illustrated. A flattened outer surface 97 is 
formed on each leg 98. Legs 96 are spaced from one 
another to define an opening therebetween as illu- 
strated in the figures. A smooth through bore 100 is 
formed in each leg 96 adjacent its arcuate end. A 
through bore 102 is formed through body 92 parallel 
with through bores 100. A pair of threaded bores are 
formed in the cylindrical end of body 94 In communi- 
cation with cavity 94 for accommodation of set 
screws 98. A smooth shaft 104 is carried within 
through bores 100 and rotates freely therein. Shaft 
104 includes a central transverse through bore 106 
having internal threads. Bore 106 is in alignment with 
the opening between legs 96. 

A lower component 110 is provided and includes 
a pair of spaced legs 112, 113 extending integrally 
from a circular plate 114 and each having an arcuate 
periphery and terminating in an arcuate end as illu- 
strated in the figures. A threaded bore is formed ad- 
jacent the distal ends of legs 112, 113 for accommo- 
dating set screws 116 therein. A second threaded 
bore 118 is formed in leg 113 as illustrated. A smooth 
throughbore 120 is formed In leg 112 In alignment with 
threaded bore 118. Legs 112, 113 are spaced so as 
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to accommodate intermediate component 90 there- 
between as illustrated. A pin 122 having a threaded 
end is inserted through smooth throughbore 120, 
throughbore 1 02 and turned within threaded bore 118 
to secure the intermediate component 90 to lower 5 
component Intermediate component 90 is rotatable 
relative to lower component 110 about pin 1 22. A plate 
124 having a central opening is connected by screws 
126 to component 110 and spans legs 112, 113. The 
shaft of screw 1 28 extends through the central open- 10 
ing of plate 124. A face plate 125 is connected to plate 
124 by screws 123 and includes an opening aligned 
with the central opening of plate 124. The head of 
screw 1 28 is generally round and is rotatably captured 
between plates 124 and 125. The threaded shaft of 15 
screw 128 is threadibly accommodated within the 
central transverse opening of shaft 104 such that as 
screw 128 is rotated, shaft 104 travels along the 
screw which causes the intermediate component 90 
to rotate a bout pin 1 22. A cavity 1 30 is formed in plate 20 
114 of lower component 110 as illustrated to accom- 
modate the cylindrical component 58 of the lateral ad- 
justment mechanism 12. An annular groove 131 is 
formed adjacent cavity 130 on the lower surface of 
component 110. A pair of threaded through bores are 25 
formed through plate 114 In communication with cav- 
ity 130 for accommodating set screws 132. 

In the explanation that follows on the function of 
the adjustable connector and its various components, 
it will be assumed that ail set screws 20, 44, 98, 1 1 6 30 
and 132 are loose and not in compressive engage- 
ment with components 38, 56, 82, 90 and 58 respec- 
tively. Further, it will be understood that a fixator rod 
is clamped to bases 14 and 72 by clamping devices 
26 and 79 as previously described. Finally, it should 35 
be understood that the fixator rods are connected to 
a bone pin extending into fragmented section of a 
bone. 

Two basic adjustments are possible using the ad- 
justable connector of the invention, a lateral adjust- 40 
ment as illustrated in Fig. 9 wherein the two fixator 
rods are laterally offset from one another, and an an- 
gular adjustment as illustrated in Fig. 8 wherein the 
fixator rods are positioned at an angle less than 180 
degrees relative to one another. Due to the use of cyl- 45 
indricai posts 38, 58, and 84, the lateral adjustment 
mechanism 14 and the angular adjustment mecha- 
nism 70 may be independently rotated about the cyl- 
indrical posts so as to enable the user to effect the lat- 
eral and angular adjustments in any direction around 50 
the central longitudinal axis of the connector as iden- 
tified in Figs 6 through 9. 

To adjust the lateral position of the fixator rods, 
the user inserts a driver, such as a hex wrench, into 
the head of screw 46 and turns the screw. Rotation 55 
of the screw within the threaded bore 57 of dovetail 
rail 56 causes upper component 52 of the lateral ad- 
justment mechanism 14 to travel within the dovetail 



slot 42. Groove 35 formed in the dovetail slot 42 re- 
duces the amount of surface contact between inter- 
mediate component 30 and the dovetail rail 56 to 
thereby reduce sliding friction. Figure 9 illustrates a 
possible orientation of the upper component 52 rela- 
tive to intermediate component 30 which can be ach- 
ieved by rotation of screw 46. Further, since the inter- 
mediate component 30 and the upper component 52 
are connected to the remaining components by cylin- 
drical posts 38 and 58, components 30 and 52 may 
be rotated by the surgeon 360 degrees around the 
longitudinal axis of the mechanism 10. By connecting 
components 30 and 52 in such a manner, the mech- 
anism provides lateral adjustment of a pair of fixator 
rods in any direction with a single adjustment mech- 
anism. The rotation freedom of the adjustment mech- 
anism 10 of the invention is illustrated in Fig. 10. 

To angle the connected fixator rods relative to 
one another, the user rotates screw 128 with an ap- 
propriate driver instrument (not shown) such as a hex 
driver. Since the screw head is captured between 
plates 124 and 1 25, the screw is laterally static during 
rotation. However, as screw 128 is rotated, shaft 104 
travels along the threaded screw shaft causing inter- 
mediate component 90 to rotate about pin 122 as il- 
lustrated in Fig. 8. Since intermediate component 90 
and lower component 110 are connected to base 72 
and the lateral adjustment mechanism 12 by posts 82 
and 58 respectively, the intermediate component and 
the lower component may be rotated 360 degrees on 
the posts. The ability to rotate these components al- 
lows a user to rotate Intermediate component 90 in 
any direction to properly position the attached fixator 
rods. 

It should be well understood that due to the num- 
ber of posts implemented in the design of this inven- 
tion, the lateral adjustment mechanism 12 and angle 
adjustment mechanism 70 may be rotated indepen- 
dently of one another. If desired, by tightening screws 
132 into engagement with post 58, the adjustment 
mechanism 12 and 70 could be rotated together about 
posts 38 and 82. 

Once the user has properly adjusted the lateral 
adjustment mechanism 12 and the angular adjust- 
ment mechanism 70, set screws 20, 44, 1 32, 116, and 
98 may be tightened to rigidly secure the component 
parts of the device 10 in the desired orientation. 

It should be understood that the invention is not 
to be limited to the precise forms disclosed but may 
be modified within the keeping of the appended 
claims. 



Claims 

1 . An adjustable connector (10) configured for con- 
nection to an external fixator rod, the adjustable 
connector comprising a lateral adjustment means 
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(1 2) for laterally shifting said external fixator rod, 
said means being rotatable about an axis of the 
adjustable connector. 

2. The adjustable connector (1 0) of Claim 1 further 
including an angular adjustment means (70) for 
angularly shifting the external fixator rod relative 
to the axis of the adjustable connector, (10) said 
angular adjustment means (70) being rotatable 
about the axis. 

3. The adjustable connector (10) of Claim 2 Includ- 
ing post means (38,82) for rotatably connecting 
the angular adjustment means (70) to the lateral 
adjustment means (12) such that the angular ad- 
justment means (70) is rotatable about the axis 
independently of the lateral adjustment means. 
(12) 

4. The adjustable connector (10) of Claim 1 wherein 
the lateral adjusting means (12) includes a first 
member (30) having a slot (42) formed therein 
and a second member (52) having a rail (56) sub- 
stantially conforming to the slot, (42) the rail (56) 
being slidably accommodated by slot (42) of the 
first member (30) wherein said second member 
(52) may be laterally displaced relative to said 
first member. (30) 

5. The adjustable connector (10) of Claim 4 further 
including a threaded longitudinal bore (57) 
formed in the rail (56) and a screw (46) carried by 
the first member, (30) wherein rotation of the 
screw (46) causes the second member (52) to 
shift laterally along the first member (30) relative 
to the axis. 



9. An adjustable connector (1 0) configured for con- 
nection between a first fixator rod and a second 
f ixator rod, the adjustable connector (1 0) defining 
an axis and including a lateral adjustment means 

5 (12) for laterally shifting the fixator rods and an 
angular adjustment means (70) for placing the 
fixator rods at an angle relative to one another, 
the lateral adjustment means (12) and the angu- 
lar adjustment means (70) being connected to- 

10 gether and defining an axis, first clamp means 
(14,30) connected to the lateral adjustment 
means (12) for connecting the lateral adjustment 
means (12) to the first fixator rod, second clamp 
means (72,90) connected to the angular adjust- 

15 ment means (70) for connecting the angular ad- 
justment means (70) to the second fixator rod. 

10. The adjustable connector (10) of Claim 9 further 
including connection means (52,90,110) for rotat- 

20 ably connecting the lateral adjustment means 
(12) and the angular adjustment means (90) to- 
gether such that the lateral adjustment means 
(12) and the angular adjustment means (90) are 
rotatable about the axis. 

25 

11. The adjustable connector (10) of Claim 9 wherein 
said first clamp means (14,30) includes post 
means (38) for rotatably connecting the first 
clamp means (14,30) to the lateral adjustment 

30 means (70) and the second clamp means (72,90) 
includes post means (84) for rotatably connecting 
the second clamp means (72,90) to the angular 
adjustment means. 

1 2. The adjustable connector (1 0) of Claim 9 wherein 
the lateral adjustment means (12) includes a 
base (14) connected to said first clamp means 
(14,30) and static relative to the first fixator rod, 
an intermediate component (30) rotatable about 
the axis and carried by the base, (14) an upper 
component (52) carried by the intermediate com- 
ponent, (30) and lateral shifting means (46,56) 
operatively associated with the intermediate 
component (30) and upper component (52) for 
laterally shifting the intermediate component 
(30) and upper component (52) relative to one an- 
other. 

1 3. The adjustable connector (1 0) of Clai m 1 2 where- 
in the intermediate component (30) includes a 
slot (42) and the upper component (52) includes 
a protrusion (56) for slidable accommodation 
with the slot, (42) a screw (46) carried by the in- 
termediate component (30) and secured against 
lateral movement relative thereto, the screw (46) 
being threadibly accommodated within the pro- 
trusion (56) such that as the screw (46) Is rotated, 
the protrusion (56) and upper component (52) 



6. The adjustable connector (1 0) of Claim 2 wherein 
the angular adjustment means (70) Includes a 
first member (90) rotatably connected to a sec- 40 
ond member (110) about a pin member, (122) a 
screw (128) carried by the second member (110) 
and to an end (104) of the first member (90) 
wherein rotation of the screw (128) causes the 
end (1 04) of the first member (90) to travel along 45 
the screw (128) thereby causing said first mem- 
ber (90) to be positioned at an angle relative to 
said second member. (1 1 0) 

7. The adjustable connector (1 0) of Claim 1 includ- so 
ing connection means (14,30,72,90) configured 
for connecting the adjustable connector (10) to 
between a pair of fixator rods. 

8. The adjustable connector (10) of Claim 7 wherein 55 
the connection means (14,30,72,90) is rotatable 
about the axis. 
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travels along the screw (46) to laterally shift the 
upper component (52) relative to the intermedi- 
ate component (30) 

14. The adjustable connector (10) of Claim 13 inciud- 5 
ing set screws (44) carried by the intermediate 
component (30) for selectively engaging the pro- 
trusion (56) on the upper component (52) to se- 
cure the upper component (52) against further 
lateral shifting relative to the Intermediate com- 10 
ponent (30) 

15. The adjustable connector (10) of Claim 9 wherein 
the angular adjustment means (70) includes a 
base (72) for connection to the second fixator 15 
rod, an intermediate component (90) for connec- 
tion to the base being rotatable relative thereto 
around the axis and a lower component (110) 
connected to the lateral adjustment means (12) 

and being rotatable relative thereto about the 20 
axis, the lower component (110) including a pair 
of spaced legs, (112,113) a portion of the inter- 
mediate component (90) being positioned be- 
tween the spaced legs, (112,113) the intermedi- 
ate component (90) being connected to the 25 
spaced legs (112,113) of the lower component 
(110) by a pin (122) and being rotatable about the 
pin, (122) and pivot means operatively associat- 
ed with the intermediate component and lower 
component to cause the intermediate component 30 
(90) to rotate about the pin. (122) 

16. The adjustable connector (10) of Claim 14 where- 
in the pivot means includes a screw (128) carried 

by the lower component (110) and secured 35 
against lateral shifting relative to the lower com- 
ponent, (110) the intermediate component (90) 
threadibly accommodating the screw at one end 
(104) of the intermediate component (90) such 
that as said screw (128) is rotated, the one end 40 
of the intermediate component travels along the 
screw (1 28) to rotate the intermediate component 
about the pin. (122) 

17. Theadjustable connector (10) of Claim 16 inciud- 45 
ing at least one set screw (132,116) carried by the 
lower component (110) for engaging the inter- 
mediate component (90) to prevent further rota- 
tion of the intermediate component (90) relative 

to the lower component (110) 50 
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